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METHOD FOR DETECTING DNA WITH PROBE PNA 
nnTTfn1? ntT TJ n of THF INVENTION 

using a PNA (peptide nucleic acid) as a probe. 

BaC n^1o r ,,- g . target « ^ — - • ~ - 

DNA for detecting the target DNA 1. referred to as probe DNA 

• - 9 et DNA by using a probe DNA is used . -r 
example, in detecting pathogenic microorganisms, or « cloning 
genes. However, several problems remain o"" 1 ™ 4 ; 

For example, a decrease In the salt * 
bybridisation solution results In a decrease In sensitivity of 
auction of a target DNA. Therefore, it was necessary to carry ^ut 
the hybridisation In a buffer solution of a f i«d salt concentration . 
the nybrioj.* buffer solutions is troublesome 

Generally, the preparation of sucn Durrer s 

and has been one of the factors preventing the simplification of this 

detection method • 

.UTTttfflPV f>" tNVFNTTQH 
The inventors have now found that the sensitivity of detecting 
a target DNA by the hybridization method is remarkably improved by 
using a probe PNA in place of a probe DNA. 

A decrease in sensitivity of detecting a target DNA by the 
hybridisation method could be due to. but not be limited to. the fact 
that phosphorus atoms or the like m a DNA molecule are 

P " ^„ c . t ,_ 11 , it i S assumed that electric repulsion 
charged. More specifically, it *■ » 

is generated between the probe DNA and the target DNA when the DNA 
is charged thus obstructing hybridisation of the two DNAs which 
results in a decrease in sensitivity of detection. The 
improvement mentioned above is considered to be the result of the 
absence of an electrical repulsion between the target DNA and the 



Received at: 11:33PM, 12/27/2000 

R:165 P. 04/24 



mmimmm tt-.oira, sp£ m-.mm patent, tky 



15 



An object of the present Invention Is to provide - method of 
detecting a target nuoieotide seance using a prohe. The method 
aooording to the present mention has a renvoi* improved 

5 sensitivity of detection. 

The method for detecting a target double stranded DNA aocordxng 
to the present invention comprises the steps 

. hybridizing the target double stranded DNA with a single stranded 
PNA (peptide nucleic acid) which is complementary to the whole or 
'« 10 a part of the target DNA; and 

"1 - measuring the degree of hybridization at the presence of a 
: j\ denaturing agent. 

i.i'i 

sis' 

II fl ffTF v DESr FTP ,I, ™ w ™> THE PRAWTNGS 

Figure 1 shows the chemical structures of DNA and PNA. 
Figure 2 shows a surface plasmon resonance biosensor. 7: 
cartridge block: 71, measuring cell; 72 and 73, passage; 8: light 
SO uroe; 80: incident light; 9: detector; 90: reflecting light; 10, 

measuring chip. 

Figure 3 shows the measuring chip for the surface plasmon 
resonance biosensor. 1 , transparent substrate; 2 : metal membrane; 
3- organic layer; 4: avidin; 5: biotin; 6: probe PNA. 

Figure 4 shows a DNA sequence coding for Type II verotoxln of 
pathogenic Escherichia coli 0-157- 

Figure 5 shows the relationship between the amount of 
amplification products and resonance signals when the length of the 
sample DNA chain is 143 bp. PGR: 10 cycles (•) . 20 cycles(A). 25 
cycle ( ). 30 cycles (O) and 40 cycles(A). 

Figure 6 shows the relationship between the amount of 
amplification products and resonance signals when the length of the 

sample DNA chain is 256 bp. 

Figure 7 shows the relationship between the amount of 
amplification products and resonance signals when the length of the 

sample DNA chain is 284 bp. 

Figure 8 shows the relationship between the amount o£ 
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„ mA rBR „ n ance siqnals when the length of the 
amplification products and resonance s^-S" 

sample DNA chain is 391 bp. 

Figure 9 shows the relationship between the length of the 
sample DNA chain and resonance signals. 

Figure 10 snows a surface plasmon resonance biosensor. 

r!r.Tri TT , rP r ^ mp™' nF THF tnvdntton 

PNA is a substance that imitates DNA. LikeDNA, PNA has nucleic 
aci d bases such as adenine, guanine, cytosine. or thymine xn the 
^lule and hybridizes specifically with a nucleotide ^ 
"ving complementary nucleic acid bases. Thus, PNA is almost 
similar to DNA in Its functions but completely different from DNA in 

Its structure * - 
PNA consists of a polyamlde backbone structure <* 
N-U-amlnoethyDglyelne units (Figure 1) and has no **« ~ 
phosphorus atom in its molecule. Therefore, it is 
Lutral an. will not be electrically charged even in the absence of 
.salt. Nucleic acid bases are bound to the polyamlde backbone v,a 
methylene carbonyl bonds (Figure 1). 

PNA can be synthesized. like peptides, for example, by the 
rmoo-type peptide solid phase synthesis method or the tBoo-type 
^tilrsolid Phase synthesis method. Alternatively, synthesis 

~ Thrrr/err^ide ^ to be by - 

5 according to the present invention is not particularly 

provided that at least a part of its sequence is Known, samples of 
the target nucleotide sequence Include DNA coding for verotoxln of 
pethogenic sscAeriohia coll. DNA coding for opl20 (the ^coating 
protein of HW. specific nucleotide sequences (cDNA, of 

i0 various microorganisms , and a DNA coding for the antibiotic blnd^g 
protein of methicillin-resistant staphylococcus (MRSA) . The 
target nucleotide sequence may contain impurities . For «-•»»•• 
bear-treated pathogenic E. coli preparation can be used without 
further purification ,s a test sample in detecting the DNA coding for 

35 verotoxin of pathogenic E. coll. 
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X„ meeting - target nucleotide sequence using a surface 

— — — — ■ « n™^ 1 " :r:rr^ 

tercet nucleotide sequence by a polymerase chain r 
met'oa. Condition, for PCR are not particularly 
CvL. significant resonance signals cannot be detected if the 
concentration of the nucleotide sequence in a sample is too low. 
while the detection of resonance signals will be reduced if the 
concentration of the nucleotide sequence In a sample 
because of Interaction between nucleotide sequences. Therefore. 
20 to 25 cycles of PCR are preferable. 

The method of detecting DNA according to the present invention 
can be carried out in any mode as long as It Is based on the 
hybridization of a probe P«A and a target nucleotide sequence. 
L example of a preferred embodiment is the use of a surface t*"-" 
„ resonance biosensor. The surface plasmon J""™"* 
measuring chips to be used for detecting a target nucleotide 
Te^ce according to the present invention will be explained as 

An example of a surface plasmon resonance biosensor used in the 
present invention is *0« i» Figure 2. This surface plasmon 
resonance biosensor has a cartridge block 7. a light source 8 and a 
detector 9 and is used by placing a measuring chip 10 on which probe 
PNA 6 is immobilized. Chip 10 is provided on cartridge block 7 
The upper side of cartridge block 7 has a hollow and a measuring cell 

71 consists of this hollow and measuring chip 10 . Measuring cell 71 
is communicated with the outside of cartridge block 7 via passages 

72 and 73. The sample flows into measuring cell 71 via passage 72 
and is discharged after measurement via passage 73. 

Monochromatic light (an Incident light 80) is irradiated from 
light source 8 toward the transparent substrate of measuring chx P 10 
A reflected light 90 which is reflected by a metal membrane set on 
the reverse side of measuring chip 10 reaches detector 9 which can 
detect the intensity of reflected light 90. 

The biosensor as shown in Figure 2 yields a reflected llgbt 
intensity curve which forms a trough relative to a given angle of 
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, „i.,»ce 6 The trough in the reflected light Intensity curve la 
due t:r rf .ce™ a lo„re.o nB nce. When light Is totally reflected at 

chip 10. a surface wave Known a. an evanescent wave « 
generated at the Interface and a surface wave Known as a surface 
pla^n is also generated on the metal membrane. H-nanos^ occurs 
when the wave number of these two surface waves coincides, and a part 
If Haw energy Is consumed to excite the surface plasmon resulting 
of light energy 1 reflected light. The wave 

in a decrease in the intensity . , v 

numher of the surface plasmon Is affected hy the ref ° f 
the medium proximate to the surface of the metal 
prefer., when the refractive Index of the medium 

interaction between the targeted nucleotide sequence and the probe 
PKA. a surface plasmon resonance Is Induced to change the angle of 
5 incidence 6. Thus, a change In the concentration of the targeted 
nucleotide sequence can be perceived by a shift of the trough in the 
reflected light intensity curve. The change In the angle of 
incidence 9 is called a resonance signal and a change of 10" degree 

is expressed as 1 RU- , 
,0 Measure chip 10 may have a transparent substrate and a metal 

membrane necessary for surface plasmon resonance and the 
can be Immobilized on the metal membrane of the chip . Commercially 
available measuring chips (for example, a measuring chip for BIACore 
2000. Pharmacia Biosensor. Inc.) maybeused. 
25 shown In Figure 3 is preferable. A metal membrane 2 and an organic 
layer 3 are molded onto a transparent substrate 1. Avidxn 4 Is 
immobilized on the organic layer . and probe PNA 6 labeled with blotin 

is immobilized on avidln i. _ . . . 

Transparent substrate 1 Is not particularly restricted, and 

30 can be any substrate used In a measuring chip for • 

resonance biosensor. Generally, substrates made of materials 



resonance biosensor. ' . a _ 

wTlch are transparent to a laser beam, such as glass 
terephthalate) and polycarbonates can be used, ft material which is 
not anisotropic to polarized light and which can be easily P™" 
35 is desirable. The thlcKness of the substrate can be about 0 . 1 to 20 
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Metal membrane 2 is not particularly rioted provided it can 
i.auoe surface plasmon resonance. Exiles of the metal to be usea 

Platinum. They can be usea alone or m . 
for better aoheslon to the transparent substrate, an —""J 
Ly be set between transparent substrate i ana the layer made of 3 oia. 

•""^r^: - -tax membrane 2 is preferably X00 to ,00. 
anastroms . most preferably 200 to 600 an 9 stroms . When 
eJeeas 3000 anastroms. surface plas.cn phenomena ^ 
oennot be sufficiently aetectea. Furthermore, when an 
layer made of chrome is usee, the thickness of the layer is preferably 

5 to 50 angstroms. , Q „ 

Metal membrane 2 can be f crmea by a conventional methoa such as 

sputtering, vacuum evaporation, ion platln,. --f"*"*""^ 
non-electrolytic platina. The sputterinc methoa is 

organic layer 3 consists of a substance which can bxna both to 
. metal atom ana to an aviain molecule *he ^^^Z^ 50 
layer is preferably 10 to 200 angstroms . most preferably 
Jgltroms rurt.er.nore, aside from an avidln-biotin «d the 
probe PNA can be immobilized on organic layer 3 using a covalent bond, 
such as an ester bond or amide bond. 

The organic layer 3 can be forced using a sllane coupling agent 
25 or a compound having a mercapto group and another 

group (thiol compound), or using the LB (Langmuir-Blodgett s) 
technique . A membrane formed by the LB technique binds to the metal 
me mbrane weaKer than a membrane formed using a silane coupling agent 
or a thiol compound. However, the LB technique is applicable .to. 
30 wider range of substances and can form an 

Therefore, the number of avidin 4 to be bound per unxt area can be 

^"Examples of silane coupling agents that can be used to form the 
organic layer include 3-aminopropyitrietho^ysllane, 
35 3 - aminopropyltr ime thoxysi lane , 
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3-aminopropyldiethoxymethylsilane , 

3 -(2-aminoethylaminopropyl)trimethoxysilane, 

3-(2.aminoethylam±nopropyl)din,etlio X y J «ethylsil a ne. 

3-mercaptopropyltrimethoxysilane and 
dimethoxy- 3-mercaptopropylmethylsilane - 

Examples of thiol compounds include-, 
mercaptoaminomethane . 2-mercapto-l-aminoethane. 

3- mercapto~l-aminopropane. 4~mercapto-l-aminobutane 

1 i i-triamlno-2-mercaptoethane. mercaptoacetic acid. 
, 2 -mercaptopro P ionic acid. 3-meroaptobutyric acid. 

, ■ 3 nfl i l i-triainino-3-mercaptopropane. 

4- mercaptovaleric acid and 1,1, i 

Multi-functional substances having many binding sites wxth 
o„r.h as 1 1 l-triamlno-2-mercaptoethane and 1.1,1- 
avxdxn, such as 1,1.1 oreferal)lv use d. Examples of 

triamino-3-mercaptopropane. axe preferably usea 
5 substrates applicable to the LB technique xnclude 
aminodocosanolc acid, stearyl amine and polylysxne. 

samples of methods for forming the organic layer by a sxlane 
coupling agent include the exposure of a metal membrane to saturated 
vapor of a silane coupling agent for a certain period of t*me 
,0 (saturated vapor method) , the immersion of a metal * 
solution containing a silane coupling agent (immersion -thodK a 
spin coater (spin coating method) and a photogravure 
method) saturated vapor method, immersion method, spxn 

loating method or gravure method can be used to form organic layer 

25 3 using a thiol compound. 

Avidin * can be immobilized on organic layer 3 by contact**, a 
fixed amount of avidin « with organic layer 3 for a fixed period of 
time More specifically, transparent substrate 1 wit* -dbered 
orTanlc layer 3 is positioned on tbe flow cell type surface pXasmon 
30 resonance biosensor and a fixed amount of avidin 4 is poured for a 

^JZZVT^ to immobilise probe « . labeled wltb 
Motil 5 on avidin * include tbe in* Jet m etbod and macro dispenser 
Ltbod. Tbe in* Jet metbod Has an advantage In tbat it 
35 eject a drop containing probe fna 6 onto an extremely small area 
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that probe PHX 6 to be immobilized — be utilized ""^"^ 
immobilization can be carried out by positioning a 
onto a flow cell type surface plasmon resonance "°™™J^ 
pouring a certain amount of probe PNA 6 for a «»* J-^^^ 
B This immobilizing -thod ^ an advantage that ^° bl """° n 
avldin 4 and probe P«A 6 can be done consecutively. Labeling U>e 
pro^A . -tin » may earned out by extending aPHA strand 

from biotln by the use of the peptide solid-phase method. 

^detection using the surface plasn.cn resonance biosensor » 
L0 performed by pouring a sample containing tbe target D HA into * 
measuring cell of tbe sensor. Tbe DHA concentration in the sampU, 
preferably 0.1 to 1 uH. Although DMA can be detected by this 
in the virtual absence of salt In a sample, a salt 
7oncentration of 15 0 to 300 mM is preferable to detect DHA with high 

" -ep can be carried out at a temperature not 

target nucleotide seguence may be on. or more. Two or .ore 
fclnds" target nucleotide seances canbe ^^^T^Z 
20 multiple numbers of PNA. onto one cbip or by providing multiple 
numbers of cblps onto the sensor. Detection of two or 
target nucleotide seguences m tbls manner will provide better 
accuracy in detection of tbe nucleotide seguences. 

aether a sample contains DNA derived from a certain 
25 microorganisms can be identlf led with high accuracy for 

immobilising two or more PHAs complementary to «^«« - ^ 
microorganism. Accuracy can be improved also by including . PNA^ 
which does not bind to the target DHA (negative probe) in t he DH* 
sequences being j-oMH— - Furthermore, by 
30 immobilizing a nucleotide serene., not only the »™~"^~~ 
of verotoxln in the sample but also the type of toxin, type I or type 
tt can be determined- 

win two or more PNAs are ^billzed. the surface >™ 
resonance biosensor to be used is preferably of the type in which the 
35 measuring chip can freely move in the horizontal direction. Such 
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^Mn while leaving the opticax sya»w 
samples on the chip wnue » method for detecting 

The present invention provides a methoa 
^ . nn1 i o-157 which comprises the steps of: 

- amplifying a genome DNA of EsnsxtCiHa fiolx O- 157 hy PCR 

a double stranded DNA: . e 4.™a-a pna 

which has the same sequence as at least is co 
of the nucleotide sequence of SEQ ID NO, 1= and 
. ^urm, the degree of hybridization « the presence of 

-rZ^ step above can be 
prime* selected from SEQ ID NOS. 4.5.7. 8. and 9 and on 

^ ° f SB ° Stranded P»A can he selected fro- the group 
consis-ngTthetquels of - » — «. - » - > 

°°^r;ri s ::rr n:r a L ^ . — - — «- 

F ^4^^ coll 0-157. which comprises the steps oft 
Ea ^ in9 a genome DH X of —-^^"J^TS 

. ^diX'the double stranded OHX with a s!, 9 le branded M 
selected fro™ the croup consist!*, of the sequence, of M » 
HOS-2. 16. and 17 and a complementary sequence thereof, and 
measuring the degree of hybridisation by using a surface p^smon 
biosensor at the presence of a denaturing agent at a 

temperature not exceeding 40°C. „„„.tus for 

m» present invention further provides an apparatus I 
a detecting Eahsxiohia call 0-157. comprising. 
. a surface plasmon resonanoe biosensor; 

. ameasurlng chip for the surface plasmon resonance biosensor, end 
. a single stranded PHA selected from the group consisting of the 
sequences of SEQ ID NOS : 2 , 1.. and 17 and a complementary sequence 
« thereof . which is immobilised on a surface of the measuring chip. 
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/Mr.« i-o the Dresent invention can further 
The apparatus accordxng to tne preseuv 

^se^e pr^r — IB «. 4. 7. S. and - 

. an antlsense prii«er of SEO ID NO. 6. «..„„„„, De 

The apparatus according to the present invention can be 
characterized that a sample DN* Is amplified by using the sense 
"and the antlsense pr^er by PC* to obtain a double stranded 
71 and that the degree of hybridization between the double stranded 
PNA and the single stranded PNA Is then measured at the presence of 
a denaturing agent at a temperature not exceeding 40°C. 

BXBm3 ^ avldln solutlon „as poured Into the measuring cell of a 
commercial surface plasmon resonance biosensor (BIAcore 2000 

Pharmacia Biosensor, at a flow rateof5 £^~J e ^n g 
mobilize avidin ^to t^measur^ ^ ^ „ ^ 

PNA which is complementary to a part w ^. ^.^ . r 

1 Figure 4, coding for type II veroto*ln. and has biotin bound at 
It. 5- end was synthesized (synthesized by Japan Perceptive Inc. ) . 

TGCAGAGTGGTATAACTG (SEQ ID NO. 2) 

(This sequence is complementary to the DNA sequence of 402-419 of SEQ 

ID "°i solution containing this probe FN* ( 10 pH> was poured f»» 
i measuring cell of the biosensor at « flow rate of 1 ol/min for 50 
Z^s to mobilize the probe PNA via avldln onto the measuring 
Hp . The measuring cell was then washed with a 50 mM NaOH solution 

The following single-stranded DNA complementary to the probe 

PNA was synthesized: 
n CAGTTATAACCACTCTGCAACG (SEQ ID NO. 3) 

(Thi sZ- is identicai to the DNA se^ence 402-422 - SEQ ID HO- 

10 solutions containing this DNA and having the following 
condition with different -It concentrations were prepared: 
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Concen trat ion 
10 mM 
0.1 pM 
10 mM 



"J10 



Tris buffer solution (pH 7.5) 
DNA 

EDTA (PH 8.0) o ^ "- o - -c 

NaCl 

Tnese solutions Witt ****** «W concentrations were pour*. 

flow rate of 5 ml/mln for 10 minutes 
into tte m easur «« 1^ IZZI^- Kesults are sbown in 
and then resonance signals were »wa 

Table 2. 

T«Me 2 

Probe salt concentration 

0 mM 10 mM 300 mM 

DNA Undetectable 37.6 RU 253.1 RU 

PNA 68.4 RU 87.4 RU 157.7 RU 

20 ^ T^hie 2 with the salt concentration of 0 mM. 

As shown in Taoie wj-ui 

resonance si^s were virtually unaeteotable «~ 
bu t were aeteotafcl. with the PH* pro„e. These results ^ 
aeteotion sensitivity Witt a PH* probe was less affect.* by 
25 ooncentrationttanwasthecasewlttaDH*pro b e. Therefore . tte use 
ofa PH* prohe enables a target DH* to be aetecte* singly by Oesalt.na 
the PCR products. 



15 



30 



EaCaiDB T ^ 2 f ollowing two sense primers and one antisense primer were 
synthesized based on the genome DNA of pathogenic E. call 0-157 shown 
in Figure 4 . 

Sense primer 1: GCOQGGTTCGTT**T*CGGCA (SBQ ID HO. 4) 
(TMS ^ is Identical to tte DH* sequence 301-«1 of SBQ XD HO. 



35 1) 
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Sense primer 5s CTGTGCCTGTTACTGGGTTTT (SEQ ID HO. 5) 
(This sequence is identical to the DNA sequence 28-48 of SEQ ID NO. 



1) 



1 10 



25 



Antlsense primer 1: GAACGTTCCAGCGCTGCGACA (SEQ ID NO. 6) 
(This sequence is complementary to the DNA sequence 423-443 of SEQ 

ID N °A solution for PCR having the following components containing 
these primers and a genome DNA of pathogenic E. ooll 0-157 used as 
a template was prepared. 

Table 3 

Concent ration 



30 



Component, 



25 mM 



Tris buffer solution (pH 8.3) 

1 |iH 

15 Primer 

1% 

Template DNA 

„ . . , 500 mM 

Potassium chloride 

Magnesium chloride 

8% 

dNTP 

0.2% 

20 Taq polyxnarase 

After an initial denaturation (95<C . 3 minutes), PCR was 
performed for 40 cycles of denaturation (61^.1 minute) . annealing 
(72t: f 1 minute) and elongation (94*0, 1 minute). 

Two kinds of PCR amplification products contains 143 bp or 
416 bp double-stranded DNA were obtained. To 3D ul of each 
amplification product were added 10 ul of f ormamide and the mixture 
was heated at 95<C for 10 minutes. The resulting heat -denatured 
amplification products were poured at a flow rate of 5 .xl/min for -10 
minutes into curing cells in which the probe PNA was immobxl iZ ed 
as described in Example 1 and resonance signals were measured. 
For a control. 30 ul of a Tris buffer solution (pH 7-4) was used 
instead of 30 ul of PCR products. Results are shown in Table 4. 
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Table 4 



rrnT7r dna a mount of PrF proflnnt 

0 ul( control) 30 \xl 
DN A 143 bp 3.7 RU 21.6 RU 

PNA 143 bp 4.4 RU 211.3 RU 

416 bp 4.4 RU 276.2 RU 

As shown in Table 4, even under these conditions for PCR. 
significant resonance signals were detected with the use of PNA as 
a probe but signals could hardly be detected with the use of DNA as 
a probe. These results showed that probe PNAs were more readily 
hybridized with sample DNAs than probe DMAs. 

The 416 bp sample DNA showed larger resonance signals than the 
143 bp sample DNA. But in view of the fact that resonance signals 
increase with an increase in molecular weight of the substance 
hinding with the p-be . this resonance signal value was not as great 
as anticipated, xn other words, the 416 bp DNA is not hybrxdx-d 
with the probe PNA as efficiently as the 143 bp DNA. This phenomenon 
WO uld be due to the greater probability that as its chain length 
increases. DNA becomes a three-dimensional shape which cannot 
hybridize with a probe (for example, spherical). 

The following four sense prliuers and one antxsense primer were 
synthesized based on the genome DNA of pathogenic E. colx O- 157 shown 

in Figure 4. _ 

Sense primer 1: GCCGGGTTCGTTAATACGGCA (SEQ ID NO. 4) 
(This sequence is identical to the DNA sequence 301-321 of SEQ ID NO. 

30 1} Sense primer 2: TTAACCACACCCCACCGGGCA (SEQ ID NO. 7) 

(This sequence is identical to the DNA sequence 188-208 of SEQ ID NO. 

1) 

Sense primer 3: TCTCAGGGGACCACATCGGTG (SEQ ID NO. 8) 
35 (This sequence is identical to the DNA sequence 160-180 of SEQ ID NO. 
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l> sense primer 4, connect******** i« » J> 

• « ^^tical to the DNA sequence 53-73 of £>ku 
(This sequence is identicax to v»«= -* 



1) 



totl3M ee primer i. gaacgttcc^ctccgaca <sbc , id J». o 61 
(This " complementary to a. DHA sequence 423-443 of SEQ 

10 solution for PCR having the follow**, components 

these prlrs and a genome DMA of Pyogenic ~H 0-X57 used as 

JlO a template was prepared. 



^3 



Cor rftntrat iQX1 - 

^mpo 7 * 1 *"* 

Tris buffer solution (pH 8.3) 25 mM 



15 

1 Primer 

ij Template DNA 

If; Potassium chloride 

;j Magnesium chloride 

20 dNTP 

Tag polymerase 



1 [M 
1% 

500 mM 
15 mM 
8% 

0.2% 



Mt .r on initial denaturetion (.5* . 3 minutes, ^ was 
performed for 10 to 40 cycles of denaturetion , C.lTJ. 1 minute, . 
^7n= I12XZ 1 minute) end elongation (94*3. 1 minute). 
" ?Z™1 - ~ amplification products containing 143 

28 4 bp or 391 bp double-stranded DNA were obtained. To 10 pi. 20 

T « ^ « ^ - 80 ^ ° f eaci1 - iif ication !?^°:rro 

** A ' ^ ^ . A m . vtnrft was Heated at 95^C for 10 

, . , n ul nf : formaraide and the mixture was ixw^ 

30 m^es ^The renting heat-denatured amplification products were 
30 minutes , ^ ^ ^^^g colls 

ZT^7o~™ was immobilized as described in S-ample I and 
rtstnance signals were measured. Results are shown in Pigures 

35 7 "Moure 5 shows the relationship between the amount of PCR 
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wh en the length of the sample DNA 
products and resonance signals wnen w« » aiaTia i fi 
chain is 143 bp. As shown in the Figure, larger resonance signals 

ected L the number a. tb. cycles increased Howev e^ 
higher number of PCR cycles, resonance signals start to Ornish 
5 when the amount of PCR products exceeds 30 ul. 

5 wnen relationship between the amount of PCR 

Figure 6 shows the reiationsmy 

Parana resonance — ~ ^ ^l^ere 

Ch»inls256bp. Unli.ce Figure 5. the largest resonance signal- «*• 

detected for the PCR with 25 cycles. 
10 Figure 7 shows the relationship between the arnoun of 

ampliation promts an, resonance signals when ~ 
sample DNA chain is 284 hp. Resonance signal detection patterns 
were virtually similar to those In Figure 6. 

P1B ur e 8 shows the relationship between the amount of 
» ampliation product and resonance 

sample DHA chain is 391 bp. Resonance signal detection p 
were virtually similar to those In Figure 6. 

L, reJtlonship between DNA chain length and resonance 
si9 nals was anaiyzed from the results shown in Figures 5 to 
L resonance signal values for 40 ul of FOR product, were used. 

Results are shown in Figure 9. . 

Kes with an increase in 

in general, resonance signals xncrease wxtn an 

, the substance (DNA chain length) binding with 

molecular weight of the sudswu^ v , 

. - 4-h 0 MSfl in Fioure 9 - As mentioned above, 
the probe . but this is not the case in Figure * 

this phenomenon would be due to the greater probabilxty that as its 
tnxs pnenom three-dimensional shape which 

chain length Increases, DNA becomes a three auue * 

cannot hybridize with a probe. 



20 



25 



30 



35 



Chrome and then a gold layer were deposited on a 13 - 
x 18 mm and 0.3 mm thlcK blue glass plate (Matsunami GH.ss Kogyo) by 
Ottering to produce a measuring chip for a surface plasmon 
resonance biosensor. Sputtering was carried out at 100 » fox 30 
seconds to produce a 32 . 2 angstrom chrome layer, and at 100 w for 150 
seoonu-3 w y measuring chxp 

seconds to produce a 474-angstrom gold layer. 
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was Hmne.sea into a 1 n*< ethanol solution of ii. m ercaptounaecanolc 
Tid^r 24 nou rS to f o«a a thin organic membrane -yer on the metal 
t Then 50 al of a 5% avidin solution were dropped at 3 spots 

5 molecules and the thin organic mol6cu 
Immobilising the avidin molecules. 

The Allowing three .cinds of PNA with biotln hound at the 5 end 
(synthesis by Japan Perceptive Inc., - These PHAs have sentences 

complementary to . part of three Mnde of genes. «*. 

toxin oroducing bacteria. Viono 
LO which axe the toxic elements of a toxin proa 

Sequence A (tdhl)«- AAGTTATTAATCAAT (SEQ ID NO. 10) 
Sequence B (rdn2>: TTTTTATTATATCCG (SEQ ID NO. 11) 
Sequence C (trlfl), CCCAGTTAAGGCAAT (SEQ ID NO. 12) 
15 30 .xl of a solution containing the abovementioned PNA ( lOjOl 

1 4- T v^r- 0 +tw> avidin solution was dropped to 

were dropped onto the spots where avi «in-biotin 
immobile the PNA onto the measurxng chip via an avxdxn 

^ The measuring chip on which the PNA was immobilised was placed 
20 onto a surface plasmon resonance hiosensor <SP*-20 type with a 
20 onto a surr y SUDP 1 Y and drainage. Denfci KagaXu 

modified sensor head and fluid supply anu. 3 
ZL) (Figure 10, . Since the measuring chip of this biosensor can 
f reely love horizontally . resonance signals of the multiple numbers 
of samples present on the chip can be measured leaving the optxoal 

M "^e sequence to be detected was amplified a. a fragment of 
about 300 bp using a PC* (25 cycles). A solution contains* the 
amplified DMA was poured Into a measuring cell of the » 

• ,t a flow volume of 10 |H. Results are 

measure resonance signals at a flow voxun 

30 shown in Table 6. 

Table 6 



a 2 C 

fipiqnftnce _ , Rtn 

.4 fx 10*) 308 (RU) 296 (RU) 315 (RU) 

Resonance signal ix j.u j 



35 
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As shown in Tahle 6. sequences A, B and C all show signals near 
300 RU (converted values) . Considering the fact that the signals 
are 10-20 RU (converted values) when no DNA is bound (negative) , then 
it would appear that the DNA was bound to the three Kinds of 
immobilized PNAs (positive). 

^"^Tmetal layer and a thin organic membrane layer were deposited 
on a blue plate glass and four measuring chips were prepared as 
described in Example 4 . 50 ,1 of a 5% avldin solution were dropped 
on two spots each of the four chips (totally 8 spots) to i^nobxlxze 

the avldin molecules. 

The following 8 PNAs to which blotin is bound at their 5 ends 
were synthesized (synthesized by Japan Perceptive Inc.). 
Sequences A, B and C are PNAs which have sequences complementary to 
a part of gene tdhl. tdh2 and trh2 of Vibrio parahaemolytxcus . 

n v v r and H are PNAs which have 
respectively. Sequences D. E, F, G ana h 

sequences complementary to 18S rRNA of Salmonella enter±t±*Ls. a 
pertussis toxin of Borderlia pertussis. Vibrio cholera toxin, type 
I verotoxin of * SC heriohia coll 0-157 (pathogenic E. aoXl Q-157) and 
type II verotoxin of B. coli 0-157, respectively. 
Sequence A: AAGTTATTAATCAAT . ( SEQ ID NO. 10) 
Sequence B: TTTTTATTATATCCG (SEQ ID NO. H) 
Sequence Cs CCCAGTTAAGGCAAT (SEQ ID NO. 12) 
Sequence D : CGCAAACCGTA.TTAC (SEQ ID NO. 13) 
Sequence E : CCAAAGTATTTCCCT (SEQ ID NO. 14) 
Sequence F: AATTCGGGTTAATTG (SEQ ID NO. 15) 
Sequence G: GGGCGTTATGCCGTA (SEQ ID NO. 16) 
Sequence H: TGCAGAGTGGTATAA (SEQ ID NO. 17) 
, 30 ui of a solution containing the PNA ( 10 ul) were dropped onto 

the spots where the avidin solution was dropped to immobilize the PNA 
onto the measuring chip via avldln-biotin bonds. 

The measuring chip on which the PNA was immobilized was placed 
onto the surface plasmon resonance biosensor used in Example 4 . The 
5 DNA to be detected was amplified using the PCR as described in Example 
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4 Four DNAs were used, DNAS prepared from E. coll 0-157, Vibrio 
paralyticus, and Salmonella and a combination of DMAs f ^ i*. 
coll O- 157 and Salmonella. A solution containing the amplified DMA 
was poured into a measuring cell of the biosensor to measure 
resonance signals at a flow volume of 10 ul. Results are shown in 
Table 7. 
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Table 7 



Sequence 


A 


22 


295 


Sequence 


B 


18 


331 


sequence 


C 


21 


301 


Sequence 


D 


15 


22 


Sequence 


E 


17 


24 


Sequence 


F 


24 


19 


Sequence 


G 


308 


18 


Sequence 


H 


311 


25 



* c-Blmonalla 


10 


11 


12 


28 


18 


23 


321 


299 


22 


18 


33 


19 


24 


356 


26 


334 



As shown in Table l. for the various microorganisms, signals 
near 300 RU were obtained for positive samples and signals less than 
30 RU were obtained for negative samples. 



